ftp  /SC  7/7 


AL 


: 


Jill  H  IIHkJ  II  mull 

MEMORANDUM  REPORT  No.  1107 


li" 


06115 


RegnUted  .  - - ^ _ - 

By  authority  of  (ILLS,  J 


TECHNICAL 

library 


OCTOBER  1957 


Drag  And  Stability  Properties 
Of  The  37-mm  T324-E22  Shell  (0) 


M  ','EfERAL 


DECLASS IFIC A" I 


>1FF 


EUGENE  D.  BOYER 


DEPARTMENT  OF  THE  ARMY  PROJECT  NO.  5B03-03-001 
ORDNANCE  RESEARCH  AND  DEVELOPMENT  PROJECT  NO.  TB3-0108 

BALLISTIC  RESEARCH  LABORATORIES 


ABERDEEN  PROVING  GROUND,  MARYLAND 


I  AL 

REGRADING  DATA  CANNOT  BE  PREDETERMINED 


Retain  or  destroy  per  AR  380-5  and  SR  345-215-5  or  compar¬ 
able  AF  or  Navy  Regulations.  Contractors  should  consult  their 
government  contracting  officers  regarding  procedures  to  be 
followed.  DO  NOT  RETURN 


This  document  contains  information  affecting  the  national  defense  of 
the  United  States  within  the  meaning  of  the  Espionage  Laws,  Title  18 
U.  S.  C.  Sections  793  and  794.  The  transmission  or  the  revelation  of  its 
contents  in  any  manner  to  an  unauthorized  person  is  prohibited  by  law. 


t_ ;  1  I  5_  f  \  i  1 1_  =•••:  ;  U!  I  i  !  n  f  1  ij  .-*• 


*e-  r 


1 

-i 


—  b 


9 

■10 

■11 


— i; 


-14 

-16 

-20 

-"G 

-35 

-38 

-40 

-41 


Oh  1 

AD  NUMBER  15671? 

ENTRY  CLASSIFICATION-  UNCLASSIFIED 

CORPORATE  AUTHOR :  BALLISTIC  RESEARCH  LABS  ABERDEEN  PROVING  GROUND 
HD 

UNCLASSIFIED  TITLE :  DRAG  AND  STABILITY  PROPERTIES  OF  THE  37-WI 

T324-E22  SHELL 

DESCRIPTIVE  NOTE  -  MEMO  REFT 
PERSONAL  AUTHORS-  BOYER , EUGENE  D. ; 

REPORT  DATE-  OCT  ,  1957 

PAGINATION  -  27P 

REPORT  NUMBER-  BRL-HR-110? 

PROJECT  NUMBER  -  0RD-TB3-0108 

REPORT  CLASSIFICATION-  UNCLASSIFIED 
LIMITATION  CODES-  1 
SOURCE  CODE-  G5075G 

DOCUMENT  LOCATION-  HTIS 

GEOPOLITICAL  CODE-  2402 

TYPE  CODE-  A 


C  -75~o3 


< CENTER  NEXT  COMMANDO) 


c 


BALLISTIC  RESEARCH  LABORATORIES 


MEMORANDUM  REPORT  NO.  1107 


October  1957 


DRAG  AND  STABILITY  PROPERTIES  OF  THE  37-mm  T324-E22  SHELL  ( U) 


Eugene  D.  Boyer 


Requests  for  additional  copies  of  this  report  will  be  made  direct  to  ASTIA. 


Reproduction  of  this  document  in  whole  or  in  part  is  prohibited  except 
with  permission  of  the  issuing  office;  however,  ASTIA  is  authorized  to 
reproduce  this  document  for  U.  S.  Government  purposes. 


Department  of  the  Army  Project  No.  5B03-03-001 
Ordnance  Research  and  Development  Project  No.  TB3-0108 


ABERDEEN  PROVING  GROUND, 


MARYLAND 


c 


L 


TABLE,  OF  CONTENTS 


Page 

ABSTRACT .  5 

TABLE  OF  SYMBOLS .  4 

INTRODUCTION .  5 

EXPERIMENTAL  RESULTS .  6 

Drag .  6 

Overturning  Moment  and  Lift .  6 

Dynamic  Stability  .  7 

REFERENCES .  8 

TABLE  OF  AERODYNAMIC  DATA .  9 

FIGURES  AND  GRAPHS . 11 

DISTRIBUTION . 25 


2 


Cul^nBHPxiAL 


BALLISTIC  RESEARCH  LABORATORIES 


MEMORANDUM  REPORT  No.  1107 


EDBoyer/iw 

Aberdeen  Proving  Ground,  Md. 
October  1957 
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ABSTRACT 


The  aerodynamic  properties  of  the  37-mm  T324-E22  shell  as  determined 
from  Transonic  Range  firings  are  presented. 
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INTRODUCTION 


At  the  request  of  the  Computing  Laboratory  the  37mm  T324-E22  shell 
was  fired  through  the  Transonic  Range  of  the  Exterior  Ballistic  Laboratory. 
These  firings  were  conducted  to  determine  the  drag  coefficient  for  the 
preparation  of  firing  tables.  A  photograph  of  the  shell  is  shown  in  Figure  1. 
The  physical  properties  are  given  in  Figure  2. 

The  program  consisted  of  firing  19  rounds  over  a  range  of  Mach  numbers, 

M  =  0.6  to  M  =  2.7,  from  the  M3A1  tube  mounted  in  a  Frankford  rest  (Fig.  3)* 
This  tube  has  a  twist  of  1  turn  in  17  calibers  of  travel.  Initial  firings 
exhibited  very  little  yaw.  Since  two  to  three  degrees  of  yaw  are  desired  to 
determine  the  aerodynamic  properties  of  the  shell  it  became  necessary  to 
induce  yaw.  This  was  done  by  installing  a  blast  deflector  (Fig.  4)  on  the 
muzzle  of  the  tube.  This  device  distorts  the  flow  of  the  gun  gases  over  the 
model  just  after  ejection  and  gives  the  model  a  tapping  tendency.  One  round 
was  fired  at  each  Mach  number  with  the  deflector  on  the  tube. 

Three  rounds  were  fired  at  the  service  velocity  of  3000  fps.  It  was 
observed  that  one  round  lost  its  fuze  cap  after  5^0  feet  of  flight.  A 
shadowgraph  of  the  shell  is  given  in  Figure  5  and  a  shadowgraph  of  the  shell 
with  the  fuze  cap  detached  is  given  in  Figure  6.  At  the  conclusion  of  the 
scheduled  program  an  additional  11  rounds  were  fired  to  try  and  duplicate 

this  phenomenon.  The  fuze  caps  were  intact  on  all  of  these  rounds  within  the 

observed  portion  of  the  trajectory  and  no  other  information  is  reported  from 
these  rounds.  It  must  be  noted  that  the  loss  of  a  fuze  cap  was  observed  from 

a  very  limited  firing  program.  This  loss  may  have  been  due  to  one  freak  round, 

or  it  may  be  an  indication  of  marginal  strength  of  the  fuze  cup.  Since  the 
limited  sample  fired  in  this  report  can  not  differentiate  these  possibilities 
it  is  suggested  that  if  short  ranges  are  observed  in  future  firings  of  this 
shell  that  this  phenomenon  be  studied  further.  The  round  that  lost  its  fuze 
cap  had  been  fired  when  using  the  blast  deflector  but  it  is  felt  that  the 
deflector  would  not  interfere  with  the  fuze  cap.  The  drag  coefficient  for  a 
shell  without  the  fuze  cap  is  increased  by  a  factor  of  two. 
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RESULTS  AND  CONCLUSIONS 


The  data  are  given  in  the  table  of  aerodynamic  data  and  in  Figures  7  to 

14. 


Drag: 


Thfe  drag  force  coefficient,  Kp,  and  Mach  number  were  determined  for  each 

round  from  the  test  conditions  and  a  polynomial  leat  squares  fit  of  time- 

distance  data  taken  in  the  test.  Since  drag  is  both  a  function  of  Mach  number 

and  yaw  it  is  desirable  to  separate  the  effects  of  these  two.  Assuming  that 

drag  is  a  linear  function  of  mean  squared  yaw,  IC  was  reduced  to  zero  yaw  by 

D 


C. 

the  relatienship  Kp  =  Kp  +  Kp  ^  &  •  Due  to  the  limited  amount  of  data  at 

any  one  Mach  number  it  wa9  impossible  to  determine  a  yaw  drag  coefficient, 

Kp  ,,  over  the  entire  range  of  Mach  numbers.  However,  Kp  0  was  reasonably 
6  6 
determined  to  be  2.0  l/radians  square  at  M  =  2.6.  This  2.0  value  was  used 

at  all  Mach  numbers  to  determine  the  zero  yaw  drag  coefficient  as  given  in 


Figure  7."  At  supersonic  velocities  Q  =  |/l  +  M  Kp  =  a+  bM,  where  a  and  b 

0  j 

are  empirical  constants,  is  a  useful  smoothing  formula.  A  Q  function  was 
fitted  for  drag  values  between  M  =  1. 32  and  M  =  2.67,  yielding: 


a  =  0.9280  +  0.0057  s.d. 
b  =  0.1581  +  0.0016  s.d. 


Overturning  Moment  and  Lift: 


The  moment  coefficient,  K^,  was  determined  from  the  turning  rates  of  the 
two  arms  of  the  characteristic  epicyclic  yawing  motion  of  a  spinning  missile 
(Fig.  8).  This  K yields  a  gyroscopic  stability  factor  of  5  which  is 
certainly  adequate  for  the  shell.  The  lift  force  coefficient,  K^,  is  determined 
from  the  analysis  of  the  swerving  motion  (Fig.  9)-  The  center  of  pressure  of 
the  normal  force  is  given  in  Figure  10. 
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Dynamic  Stability* 


A  shell  is  considered  to  be  dynamically  stable  if  its  transient  yawing 
motion  does  not  increase  with  time.  From  the  yaw  damping  rates  (Figs.  11  and 
12)  it  is  seen  that  the  precessional  rate  is  undamping  at  speeds  less  than 
M  =  1.5-  This  shell  is  being  considered  for  use  at  slant  ranges  up  to  5200 
yards.  With  a  muzzle  velocity  of  5000  fps  the  shell  will  enter  the  unstable 
region  at  about  2200  yards  and  remain  there  during  the  rest  of  its  flight. 
However ,  the  degree  of  instability  is  slight  and  if  the  indicated  trends 
continue,  an  initial  yaw  of  two  degrees  would  yield  a  terminal  yaw  on  the 
order  of  10  degrees*.  The  instability  is  primarily  due  to  the  Magnus  moment, 
K^,  which  is  positive  for  M  <1.8  (Fig.  13).  The  damping  moment,  K^.  -  K^, 
is  positive  at  supersonic  velocities  and  becomes  slightly  negative  at  low 
subsonic  velocities  (Fig.  14)  and  hence  also  contributes  to  instability  in 
this  region. 


EUGENE  D.  B0YEB 


* 

Also,  for  shell  flying  at  low  velocities,  the  dynamic  stability  is 
frequently  sensitive  to  yaw  level  due  to  nonlinearities  of  some  of  the 
aerodynamic  properties.  Conventional  shell,  at  high  subsonic  speeds, 
usually  show  instability  when  fired  at  small  yaw;  that  is,  when  the  shell 
is  fired  at  small  yaw  the  yaw  will  grow.  As  the  yaw  grows,  however,  the 
aerodynamic  properties  change  in  such  a  way  that  the  shell  becomes  stable 
at  some  yaw  level  other  than  zero.  4  This  case  of  low  yaw  instability  and 
higher  yaw  stability  may  exist  for  the  37mm  T324-E22  shell  for  M<1.5. 
However,  the  available  data  are  too  limited  to  demonstrate  this. 
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*  Nose  damaged  before  firing 

**  Wind  shield  came  off  after  550  feet  of  flight.  Data  computed  for  first  530  feet 
T  Fired  with  blast  deflector 
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FIGURE  1 
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NOTE' All  Dimensions  ore  in  Inches 
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FIGURE  3:  M3A1  Tube  Mounted  In 
a  Frankford  Rest 


FIGURE  4:  Blast  Deflector  on 
M3A1  Gun  Tube 
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FIGURE  6:  Shadowgraph  of  Shell  and 
Fuze  Cap  After  Separation 
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ZERO-YAW  DRAG  COEFFICIENT 
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FIG.  7 


OVERTURNING  MOMENT  COEFFICIENT 
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FIG.  8 


LIFT  FORCE  COEFFICIENT 
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FIG.  9 


NORMAL  FORCE  CENTER  OF  PRESSURE 
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FIG.  10 


NUTATIONAL  YAW  DAMPING  RATE, 


CD 

U_ 


21 


c 


PRECESSIONAL  YAW  DAMPING  RATE,e_X2Z 
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FIG.  12 


MAGNUS  MOMENT  COEFFICIENT 
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FIG. 13 
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FIG.  14 
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